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ABSTRACT

A new 1 i quid feed direct nmethanol fuel cel 1 has been devel oped
based on a proton exchange nmenbrane e] ectrol yte and prt/Ru and rt
catal yzed carbon fuel and ai r/0, el ect rodes respect ivel y.  ‘I'he cell
has been shown to del iver signi fi cant power outputs at noderately
1 ow tenperatures of 25 to 60 ‘C At 60 °c, output is near 100
mV o’ at a potential greater than O 5 V. A decterrent toO
performance appears to be nethanol crossover through the nenbrane
to the oxygen €] ectrode. Further inprovenents i n performnce
appear possible by minimi zing the nethanol crossover rate.

1. 1 NI' RODUC TI ON

Under a task sponsored by the Defense Research prroj ects Agency
( DARPA ) JpPL i S engaged in devel opnent of di rect methanol Ttuel

cel | s (DMFC) . This effort is being carried out. in conjunction with
other organizati on of a DARPA Fuel Cell Team that. includes
universities as well as governnent labs and industrial

organi zati ons. A near term JPL Objective i S to devel Op and
denonstrate a 1 aboratory type DMFC empl eyiNng advanced materi al s
(catal ysts a:nd electrolytes) being devel oped by the university es
and ot her organi zat i ons.

Two types of DMFC’s have been exami ned i n the past. One empl 0ys a
1 iquid acid electrolyte, introduces the nethanol as a liquid, and
typi call y operates néar 60 ‘C. The other enploys a sol ia polyneric
type el ectrol yte, | ntroduces the nethanol as a gas or vapor, and
typical 1y operates near 90 °c. Probl em areas with the 1 iquid
electrol yt e type arc as fol lows: a) requi res expensive mater-j al s of
construction to withstand corrosion probl ens associ ated with the
use Of acids, b) safety i ssues associ ated with the use of these
aci ds, and CE) parasitic shunt currents with nulti --eel 1 stacks of
these . Probl ens associated with the sol id electrolyte gas feed
type are as foll ows: a) requires good humidity control to maintain
functionality of the solid electrolyte and b) requires a great deal
of accessory equipment to maintain the humdity as well as to feed
and vapori ze the Meon into the cell. ‘l|’he co, end product from the




reacti on is readil Yy separabl e from the 1 iquid MeOH di scharge end
products i n the case of the 1 i quid el ect rol yte cel1 1 , but not from
t he Meon vapor end products i n the case Of the sol ia electrolyte
cell . ‘|"he ease? of separati on is an advantage for the 1 iquid
¢l ectrol yte cel 1in that. it enabl eseasyrecovery Of pure MeOH i n
the ef {1 uent fOr recycl i ng back to the cel 11 n?,et (an i nportant
consi derati on froma systens poi nt of view).

Initial 1y JprL began devel opment of both ty_Pes of ccl 1s for the
p] anneal el ectrolyte and catal yst studi es. he 1 iquid el ectrolyte

cel 1 was found to be. functional but to del iver onlyabout 30 toso
nA/ c® at potentials of 0.3 to 0.4v, as described in the

} iterature.  Some di ff icul ty was encountered at the start i n
mai ntaining a proper water balance in the case of the gas feced
s0lid elect rolyte type OF cel 1 . When bal ante was obtai ned, for

short peri ods of time, the output was, however, found to be
low and conparable to the above.

Subsequent efforts yielded very discouraging results with the gas
feed cell but encouraging results with the liquid feed cell. 1In
the case of the gas feed cel 1 the probl em O NDI sture bal ante
conti nued to be a probl em and inpact performance to such a degree,
that after onl KI about one hour of operati on, thi s factor dominatea
er for mance. umer ous attenpts were made to control the nbi sture,
ut these were al 1. unsuccessful . 1 n contrast to this the nmbi sture
bal ancc of the 1 iquid feed cel } Was quite manageabl e _and f indi ngs
were made 0f inportant new nodi f icati ons that. COU d marked]”y
i mprove performance of this t?/pe of cel1 . These findings involved:
1) use of additives to enable the use of existing gas diffusion
electrodes in the 1 iquid cell , 2) use of the polymer e] ectrol yte in
the 1iguia feed design, and 3) that there iS N0 neced for the acid
additi on to the el ectrol yte. Resul ts showed that. outputs of 100
ma/cn? at O 3 to O 4 V were readi 1y achievable and the 1 iguid feed
cel 1 can i ndeed del iver signifi cant outputs at very noderate
t enper at ur es.

on t.his basis JPL focused it's primary effort on the 1 iqui d feed
system and has continued optimi zation Studies to raise output to
even higher 1 eve]s with advanced materials and cecl 1 designs,

This paper revi ews highl i ghts of progress to date On devel opment Of
the 1 i qui d feed MeOH system

2. DESCRI P71 ON OF Cr11.S

2.1 liguid Feed Cel 1 and Reactions

A schematic diagram of the 1 iquid feed cell along with overal 1 cell
reacti ons is given i n Figure 1. ‘l’he cathode or ai r/02 e] ectrode
consi st s Of a catalyzed |ayer of carbon one side of which is
exposed to air or 0O,and the other side of which is in contact with
the el ectrol yte 1 ayer. The anode or, fuel /McOH el ectrode, consi Sts
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of anot her catalyzed layer Of carbon one side 0Of which is exposed
to Mcol solution and the other side Of " which is jn contact W th the
el ectrol yte. The electrolyte is a solid layer of proton exchange
membrane. Ar or o, is continuously swept through the cathode
conpartment and McoH solution is continuously swept through the
anode conpartment as shown in this figure. H,80, was added to the
MeOH solution initially but this was subsequently found
unnecessary. Also showmn in this figure are the individual

el ect-rode reactions as well as the overall cell reaction.

2.2 Half cell For Initial Mcoun OXidation Studies

Initial nmet hanol oxidation studies were carried out with the half
ccl] assenbly as shown in Figure 2. The test electrode, typically
a catalyzed carbon coupon, is imrersed in the liquia fuel and
driven agai nst a counter electrode Wwhich was a platinum sheet.
Potential of the test electrode was measured agal nst a Hg/Hg,SO,
reference el ectrode positioned adjacent to the test el ectrode

2.3 Advanced cell Wth Menbrane El ectrol yte

Figure 3 gives a schematic diagram of the conplete |aboratory type
liquid feed MeCH system enpl oyl ng the nenbrane el ectrol yte. The
liguid feed cell for this system I's actually a nodified version of
a gas feed ch . Major components consist of a nenbrane-el ectrode
assenbly (MEA) and the cell hardware. The MEA consists of a |ayer
of Nafion electrolyte, 7 mil thick, with fuel and air/o, electrodes
bonded to either side. Electrode dinensions are 2 inch by 2 inch
by approximately 10 nil thick. The MEA is positioned between the
machi ned portion of two graphite blocks. 7The machined area on each
on each block is a rectangular pattern with open channels
(designated as flow field) to allow flow of liquid or gas across
the electrode surface. 1Inlet arid outlet ports communicate with the
flow fields via holes drilled into the carbon bl ocks and equiPped
W th threadeda fittings at the sides of the bl ocks. St ai nl ess
steel support plates, with the same overall length and wi dth as
the carbon plates, are |ocated on the back surface of the plates.

The stainless steel plates, as well as the carbon blocks, arc
drilled in their outer perimeter to acconmodate bolts that are used
to conpress the assenbly for sealing and to provide electrical

contact between the electrode and the un-recessed area of the flow
field.

The MeOH solution IS introduced into the fuel conpartnent of the
cell via a punp and then returned to a fuel storage reservoir as
shown in Figure 3. The end product , carbon dioxide, is entrapped
in the exit fuel line and released in the storage reservoir.
pressurized air or 0, i S introduced to the air conpartnent of the
cell and venteda wi thout. circul ation. Heaters are |ocated on the
outsi de surface of the cell to control cell tenperature. Finally,
the cell is equipped with a small closed end hole to acconmodate an
i nternal thernocouple and an open ended hole to acconmodate a
reference electrode. 1The latter reference enabl ed neasurenent of
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indivi dual fuel and o, el ectrode polarizations.

3. RE SU1TS AND DISCUSSION

3.1 1Init ia) Findings: Use of Gas Dpi f fusi Oon Kl ectrodes
and pt/ru Catal ysts

An inportant ini tial finding was that existing gas diffusion
el ectrodes, Such as enployed in H3pro4 Cells, can be nmade to
function wel 1 in the 1 iguid feed envi ronment, contai ni ng H,S0,
el ectro) yte, by addition of a small anmpunt of adadi tive to the
el ectrol yte. Next, i t was found that MeoH is oxidi zed nore readily
(1 ess polarization) wth a bimetall i C catal yst of pt and Ru than
with a pt catal yst alone.

3.2 MeOH Oxidati on Studies

Empl eying these two f i ndings, a series of runs was carried out in
the half cell to determ ne sensitivity of MeoH oxidation to design
and operational paraneters and results are given in Figures 4 , s,
and 6. Figure 4 reveal s that MeOH oxi dati on is inproved with
increase in tenperature. For exampl €, as tenperature i S rai sed from
25 to 60 ‘C, the fuel e] ectrode pol ari zation at 100 mA/cnm? i S
reduced bg almost 200 nmV. Figure 5 reveals that MecOH oxidati on i s
i nproved by increase in fuel concentrate on. For exampl € as MeOH
concentrate on is raised from 1M to 8M the fuel e] ectrode
pol ari zati on is reduced by nore than 200 nV.  rinad 1y, Figure 6
shows that MeCH oxidation s inproved by an increase in catalyst
| oadi ng. For examp} e, as loading is increased fromQO 5 to 5 mO;
ﬁ/}'{u/ cnf, the polarizati on near 80 mA/cm? is reduced by over 40

3.3 Kl imi nati on of H,s0,

Another finding was t-hat the addition of H,S0, to the MeOH sol ution
was unnecessary when the el ectrodes are i ncorporated i nto the MEA
This finding was deemed inportant in that the el imi nati on of H,so,
woul d al 1 evi ate the threat. of intercel 1 shunt currents in f o1l ow on
multi-cc] 1 designs that were contenpl ated to require a bipol ar
el ectrode conf igurati on.

3*4  Performance of Advanced Cel 1 With Menbrane El ectrol yte

¥i gure 7 gives the kE/7 performance character sti cs of the advanced
cel 1 as a function of Meon concentration of the fuel at 140 to 160
°¢, and wi th pure o, as oxi dant and Pt/Ru and Pt as fuel and o,
el ectrode catal ysts respectively at 1 oadi ngs of O 5 mg/cm®. 7The
results reveal a trend o¢f i ncreasea output (vol t.age) as
concentrati on is increased beyond O 5M and a reducti on i n out put
(voltage) as concentrati on is i ncreased higher than 2M
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Apparently the output exhibits a maxi mum with increasing fuel
concentration fromO0.5 to 4M  7The maxi mumoutput fOr this series
with 2M was, for example, ncar 0.53V at 3.00 mA/cn®.  This output is
reasonably high and approaching the range of interest for practical
applications

The i ncrease in output, as concentration is increased higher than
ol4, is attributed to the trend O increased output of the fuel
electrode With MeOH concentration as noted above. The decrease in
outputwith concentration from2M to 4Mis contrary to this trend
and nust therefore be due to other factors. Based on the known
permecability O MeOH in the menbrane, it was speculated that this
other factor may be due to fuel "crossover" to the o, electrode
V\,fwereindthe fuel reacts with and I owers the potential of this
el ectrode.

I n order to exam ne this phenonena in greater detail, a series of
runs was carried out- in which the o, electrode potential was
nmeasured with various fuel concentrations. Results are shown in
Figure 8. Therein it was found that the potential of the o
el ectrode was markedly reduced as fuel concentration was increase

from2 to 4M MeoH. For exanple, the Q.electrode potential was
noted t0 drop nore than 100 nv at 100 ma/cm® as MeOH concentration
was increased from2 to 4 m MeOH. this finding confirns that the
reduction in output with concentration at the higher concentration
levels IS indeed due to a marked decrease in the potential of the
0, el ectr ode. The finding also tends to support the belief that
this reduction is due to MeoH crossover in that the crossover rate
increases W th fuel concentration. Furthermore, this finding
emphasizes the need to minimize the crossover rate to inprove

Performance: of the 0, electrode , and hence the overall cell
performance.

This work is continuing with enphasis on exam nation of methods to

mnimze the crossover phenomena ant] other factors to inprove
overal) cell performance.

Finally, it is well to point out. that the cell output appears to be
quite stable. Except for the very highest outputs beyond about
200 InAclT?, the indicated voltages on the E/I curves remain
essentially constant (wthin about 5nV) for we].]. over 1 hr of
Conti nuous operation. At. the lower currents | ess than 100 ma/cn?,

the outputs have been shown to hold constant (again within smv) for
over 8 hours of continuous operation.

CONc1, uslons

1) A new liquid feed DMFC has been devel oped based on a proton
el ectron transfer menbrane electrolyte , Pt/Ru catalyzed fuel

el ectrode and rt catal yzed air/0, electrodes.

2) The new liquid feed DMFC can deliver significant outputs in
excess Of 100 mA/cm® at potentials greater than 0.5 V at noderate
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t emperatures of 60 ‘cC.

3)  Pt/Ru catal yzed carbon ¢l ectrodes are well suited for
oxi dation of MeOH.

4) Performance Of Pt/Ru cat al yzed carbon el ectrodes INCreases
with increased tenperatures (25 to 60 ‘C) , increased fuel

concentration (0.5 to 2 MMcoH) , and 3 ncreased cat al yst 1 oadi ng ( .5
to 5 mg/ond )

5) Performance of the new 1 i quid feed fuel cel 1 shoul d inprove
W th reduct i On in the anobunt. of fuel Crossover.
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